ABSTRACT Plectranthus amboinicus has been reported to have antidiabetic and antioxidant activities. Environmental factors might influence the plant's secondary metabolite profile and its beneficial properties. NMR-based metabolomics was used to show phytochemical variations between specimens of P. amboinicus grown in Japan and Indonesia. The results showed that flavonoids and triterpenes were among the discriminating factors of the variation between the two groups. Targeted comparative analysis of the concentration of the specific flavonoids of the plants using a validated HPLC-MWD method showed that the Japanese samples contained a higher concentration of total flavonoids compared with the Indonesian samples. The Japanese and Indonesian samples contained 1100.6 ± 5.1 and 532.4 ± 1.8 µg/g luteolin, and 584.5 ± 7.4 and 571.7 ± 11.6 µg/g apigenin, respectively. Eriodyctiol was detected only in the Indonesian samples. Contrarily, more intensive DPPH reduction and α-glucosidase inhibition activities were found in the Indonesian samples (IC 50 14.4 ± 1.2 and 24.0 ± 0.3 µg/mL for the DPPH assay, 1181.9 ± 113.5 and 4451.4 ± 290.0 µg/mL for α-glucosidase inhibition, respectively). Thus, flavonoids might not be the only group of compounds related to the aforementioned bioactivities. This should be confirmed by further research targeting other groups of compounds, such as triterpenes.
Introduction
Plectranthus amboinicus is a shrub spread over tropical Africa, Asia, Australia, and South America, particularly Brazil (Lukhoba et al. 2006) . Similar with mint, sage, and basil, it belongs to Lamiaceae family. It has several local names for examples Indian-borage, Indian-mint, French-thyme, Spanish-thyme, Oreille, and Karpuravalli. In Indonesia, P. amboinicus is known as Torbangun. The leaves are traditionally used as breast milk simulant (lactagogue) by Bataknese lactating women in North Sumatra (Damanik et al. 2006 ). Many compounds have been identified from P. amboinicus leaves (Brieskorn 1977; Brieskorn and Riedel 1977) . The antihyperglycemic (Viswanathaswamy et al. 2011) , and anti-inflammatory (El-Hawary et al. 2012 ) potential of the plant extracts were reported. Indeed, this pharmacological potential highlights the relevance of the plant in the treatment of increasingly relevant degenerative disease.
Variation of chemical composition of natural products may occur due to the variations in genotype, geographical origin, or post-harvest handling. These factors may significantly alter the efficacy of the plant functional properties (Wang et al. 2005) . The same case might occur in P. amboinicus which grows in different environment. Thus, it is important to assess the variability of P. amboinicus as raw materials to keep a final product quality consistency. For such a purpose, metabolomics is one of the most reliable methods. The use of NMR in metabolomics based works is preferable as attributed to its high throughput capability, reproducibility, and robustness. Various multivariate data analysis such as Principal Component Analysis (PCA) or Orthogonal Projection to the Least Square-Discriminant Analysis (OPLS-DA) is very helpful to interpret a huge metabolomics data and to find discriminating factors responsible for samples classification (Yuliana et al. 2011a ).
This study focused on P. amboinicus secondary metabolites profiling, particularly flavonoid variation in specimens of P. amboinicus grown in Bogor (Indonesia) and Tsukuba (Japan). To the best of our knowledge, this is the first report of NMR-based metabolomics application combined with HPLC-MWD targeted analysis to reveal the phytochemicals differences between Indonesian and Japanese P. amboinicus. We firstly used 1 H NMR-based metabolomics to identify discriminating factors of both samples. For NMR-metabolomics study, instead of single solvent extraction, we applied comprehensive extraction technique consisting of a continuous flow of solvent mix-tures through powdered plant material placed in a metal column. The method is more suitable for metabolomics based works since it provides extracts with a wider chemical variety than those obtained from single solvent extraction (Yuliana et al. 2011b ). The compounds marker was further quantified using validated HPLC-MWD technique. Antioxidant and α-glucosidase inhibition activity of each samples were also determined in-vitro.
Materials and methods

Plant materials
Indonesian P. amboinicus were obtained from Kebun Percobaan Mulyaharja, Bogor and authenticated by Prof. Muhammad Rizal Martua Damanik from Bogor Agricultural University. Japanese P. amboinicus were obtained from Tsukuba Botanical Garden and authenticated by Dr. Tomohisa Yukawa from Tsukuba Botanical Garden. Samples were collected in August 2015. The leaves grew about 10 cm from the tip of shoots and were free from blemish and defect were chosen and immediately stored at -20°C until lyophilized (neither washed nor chopped to avoid browning due to friction of short-hair on leaves). The frozen leaves were lyophilized for 48 h with a freeze dryer (FreeZone 6 l Console Freeze Dry System, Labconco, Kansas City, MO), the dried leaves were crushed to 30 mesh powder. The leaves were stored at -20°C in sealed aluminum bags until analysis.
Chemicals
The chemical reagents that were used are all pro-analytical grade, and are as follows: double-distilled water, hydrochloric acid (HCl) 37% (12.0 M), tetrahydrofuran, acetonitrile, methanol, phosphoric acid, potassium acetate, aluminum (III) chloride, 1,1-diphenyl-2-picrylhydrazyl (DPPH), α-Glucosidase (from Saccharomyces cerevisiae type I), and α-D-glucopyranoside, along with apigenin, luteolin, and eriodictyol standards. Analytical grade or standard grade of chemicals were used in this study. Methanol washed sea sand with 20-35 mesh size, acetone and nhexane were from Wako Pure Chemical Industry Ltd., (Osaka, Japan). MeOH-d6 was from Cambridge Isotope Laboratories, Inc.(MA, USA). Double-distilled water was obtained from PT Ikapharmindo Putramas (Jakarta, Indonesia) while the rest of the chemicals used in this research were obtained from Sigma-Aldrich (St. Louis, MI, USA).
Methods
Flavonoids extraction
Sample extracts used for the DPPH and α-glucosidase assays were obtained by extraction using a Dionex ™ ASE ™ 350 Accelerated Solvent Extractor system (Thermo Fisher Inc.) with methanol as the extraction solvent. The method of sample extraction and hydrolysis for HPLC analysis was done according to a method from previous study ).
Comprehensive extraction for metabolomics study
Comprehensive extraction was conducted according to a previous study (Yuliana et al. 2011b) , unless that the extraction was performed in a stainless steel column (5.0 cm length, 2.0 cm diameter) and mixture which was packed to the column consisted of 1.0 g of dried powdered sample and 5 g of methanol-washed 20-35 mesh sea sand.
NMR and multivariate data analysis
The 1 H-NMR measurements were performed using a 500 MHz Varian INOVA NMR spectrometer (Varian Inc., California, USA) functioning at frequency of 499.887 MHz and maintained at 26°C. NMR analysis was performed on all samples obtained from comprehensive extraction (90 samples). Solvent residue in all samples were evaporated using rotary evaporator and flushed under nitrogen gas for a complete dryness. The dried samples were dissolved in 1 mL of methanol-d4, vortexed, centrifuged for 10 min (10000 rpm), and 800 µL was pipetted from each samples and transferred into NMR tubes, then subjected for NMR analysis with a method described elsewhere (Mediani et al. 2012) . Principal Component Analysis (PCA) and Orthogonal Projection to the Least Square-Discriminant Analysis (OPLS-DA) of NMR data were conducted using SIMCA-P software version 14.0 (Sartorius Stedim Biotech, Umea, Sweden) with pareto scaling.
HPLC-MWD instrument performance tests
The HPLC analytical method was modified from an earlier developed methodology (Haghi and Hatami 2010) as follow: stock solutions of apigenin, luteolin, and eriodictyol were made by diluting the standards in 100% methanol and sonicating. Serial dilutions (0.1-100.0 µg/mL), using the mobile phase (4.00% tetrahydrofuran in acetonitrile/0.20% aqueous phosphoric acid, 35:65, v/v) as the solvent, of the stock solutions were then subsequently made and filtered using a syringe filter equipped with a 0.45-micron PVDF filter. Approximately 20 µL of the standards were then injected into the HPLC equipment which have been equipped with a reverse phase ZORBAX Eclipse XDB-C18 column (150 x 4.60 mm i.d., particle size 5.00 µm, Agilent Technologies, USA). The mobile phase was isocratic and the flow rate was 1.0 mL/min for 15 min at 28°C. Apigenin and luteolin was measured at 340 nm while eriodictyol was measured at 290 nm. The determination of the aforementioned flavonoid contents was performed simultaneously using an Agilent Technologies 1200 infinity series G1365D Multiwavelength UV-Vis Detector (Agilent Technologies, Waldbronn, Germany). The instrument limit of detection (LODi) and instrument limit of quantitation (LOQi) was determined by the signal to noise ratio (S/N), in which concentrations with S/N values that were between 2 and 4 was determined to be the LODi while concentrations with approximately twice that were determined to be the LOQi. Precision of the instrumental performance was obtained by determining the standard deviation and relative standard deviation of the measurements. Concentrations were expressed as µg/mL. Yuliana et al. Indonesian Journal of Biotechnology 23(2), 2018, 91-101 
Method orientation using HPLC-MWD
Method orientation tests were performed by modifying the hydrolysis conditions, chiefly the acid concentration and length of hydrolysis conditions. The goal of this procedure is to determine the best parameters which could consistently provide the greatest yield. As previously stated, the parameters of hydrolysis involve three concentrations of hydrochloric acid (2 M, 4 M, and 6 M) which were obtained by adding 12 M of hydrochloric acid at various volumes. The addition of the acid was performed on 0.50 mL of the concentrated dried Indonesian leaves extract. The time in which the mixture was heated was 120, 180, 240, and 360 min. The HPLC conditions (column, amount injected, solvent, running time, detector and wavelengths, and running temperature) were the same as that used in the instrument performance tests. Results were expressed as µg/g. Apigenin, luteolin, and eriodictyol standards were also subjected to similar conditions of hydrolysis and were used as a comparison.
Method validation using HPLC-MWD
Method specificity was determined by spiking the crude extract of the Indonesian leaves with analytes at various concentrations (0.5-50.0 µg/mL). Spiking of the crude extract was performed immediately before acid hydrolysis occurs. The parameters of hydrolysis were then obtained from the results of the method orientation tests. Acceptable results had to display clear separation between peaks of analytes within the chromatograms and that the area of the peaks were responsive to the amount of analyte spiked in the sample matrix. A calibration curve for the spiked samples was created in order to determine the method linearity. The following parts of the method validation tests utilized this calibration curve to interpolate the concentration of apigenin, luteolin, and eriodictyol within the sample matrix.
Method accuracy, precision, limit of detection and limit of quantitation was determined through the following procedure. Apigenin, luteolin, and eriodictyol were fortified into the sample matrix immediately before acid hydrolysis occurs. The analytes were to have a final concentration that is equals to ten times than their respective instrument limit of quantitation. The method is deemed accurate when the recoveries of the analytes met the criteria set by the AOAC (Latimer 2012). The recovery was obtained through Equation 1.
in which C 0 denotes the concentration of the analytes of unspiked samples, C 1 denotes concentration of the analyte spiked in the sample matrix, and C 2 denotes the concentration of the analytes in the spiked sample matrix. Acceptability of the method precision was determined through the relative standard deviation and Horwitz relative standard deviation values of the recoveries. Method limit of detection was determined by multiplying the standard deviation of the concentration of the analytes in the spiked sample matrix by three while said concentrations was multiplied by ten in order to determine the method limit of quantitation. Measurements that were found to be below the limit of detection were deemed as noise. Intralab reproducibility was determined by only modifying the time of analysis. Within a span of one-month, weekly injections of the unspiked Indonesian leaf extracts were performed. Acceptability of the results were determined by comparing the relative standard deviation with the Horwitz relative standard deviation.
Application of validated HPLC-MWD method on dried Plectranthus amboinicus leaves
Approximately 20 µL of filtered hydrolyzed extracts (parameters of hydrolysis obtained from the method orientation tests) of P. amboinicus were injected into the HPLC column. The HPLC conditions used for the analysis was the same as that used in the instrument performance tests. The quantity of apigenin, luteolin, and eriodictyol were each expressed as µg/g and was interpolated from the calibration curve obtained from the method validation tests.
Total flavonoid content of dried Plectranthus amboinicus leaves using spectrophotometer-UV/Vis
Analysis of total flavonoid was conducted according to a previous study (Chang et al. 2002) .
In-vitro pharmacological analysis of dried Plectranthus amboinicus leaves
All samples from comprehensive extraction (90 samples) were evaporated using rotary evaporator to remove solvent residue. The dried samples were dissolved in 500 μL DMSO and then the pharmacological properties (antioxidative and α-glucosidase inhibitory activities) were analyzed. Both assays were carried out in accordance to previously reported methods (Shibano et al. 1997; SalazarAranda et al. 2011 ).
Statistical analysis
Statistical comparisons between data was performed using one-way ANOVA at 95.0% confidence levels. Significance values that were found to be less than 0.05 indicated statistical difference. Tukey HSD post-hoc tests were also performed when applicable. Precision of measurements was determined by determining the relative standard deviation (RSD) and the Horwitz relative standard deviation (RSD H ) when applicable. The Horwitz relative standard deviation was calculated using Equation 2.
where C is the average of one set of measurements expressed as mass fraction. Acceptable repeatability was indicated by the RSD value of a dataset being less than its corresponding RSDH value. When it was not possible to determine the RSDH value of a dataset, acceptability of the precision of said dataset was determined solely by its RSD value, in which values that are less than 5% was deemed acceptable.
Results and discussion
Chemical Variability of Indonesian Plectranthus amboinicus and Japanese Plectranthus amboinicus
In this study we compared the chemical variability of P. amboinicus grown in two different geographical regions. Indonesian P. amboinicus was cultivated in Bogor, which is located at 6°35′48″S latitude-106°47′50″E longitude, 265 m above sea level. The annual average temperature and humidity are 26°C and 70%, respectively. Bogor has a significantly high annual rainfall, 3500-4000 mm with the highest is in December and January. The sunshine duration percentage is quite varied, ranging from 30 to 70%, with the highest occurring in August and the lowest in January. Japanese P. amboinicus was grown in Tsukuba which is located at 36°5′0.5″N latitude-140°4′35.2″E longitude, 33 mm above sea level. Compared with Bogor, Tsukuba has a lower annual rainfall (1282 mm), lower average annual temperature (13.8°C), and lower average humidity (62%). Morphological differences between Indonesian P. amboinicus and Japanese P. amboinicus are mainly observed in the leaves. Indonesian P. amboinicus leaves are larger and thinner leaves compared with those of Japanese P. amboinicus. There are in total 90 NMR 1 H spectra of Indonesian P. amboinicus and Japanese P. amboinicus fractions obtained from comprehensive extraction, thus it is not possible to show all the spectra. We chose fraction 8 from each group as representative spectra which is presented in Figure 1 . The spectra was scaled to the highest peak (MeOD) intensity. It is shown that the area of δ 5.0-8.0 in Japanese P. amboinicus NMR spectra had a higher intensity than those of Indonesian P. amboinicus. While Indonesian P. amboinicus has a higher intensity of δ 0.5-1.8 area. It is very difficult to extract information from all 90 spectra only by visual obsevartion. We further converted all 90 spectra into ASCII files and analyzed them using multivariate data analysis (PCA and OPLS-DA) to find chemical shifts differences between the two groups.
The results of PCA analysis is presented in Figure 2 . The PCA score plot showed that the most non-polar fractions obtained from n-hexane 100% which represented as fraction A1, B1, and C1 which belonged to Japanese P. amboinicus group, and IND 1A, IND 1B, and IND 1C which belonged to Indonesian P. amboinicus group, were classifed seperately in circle 1. It indicated that they have quite different chemicals profile. Other differences were observed in the grouping of relatively polar fractions (fraction 8, 9, 10, 11, 13, 14 and 15, which come acetone 100% and a mixture of acetone with water at different composition). This group is marked as circle 2 (Figure 2a ). Other fractions with medium polarity were not so much different from each other, shown by almost overlapping posi-FIGURE 1 Representative 1 H NMR spectra of Japanese P. amboinicus (a) and Indonesian P. amboinicus (b) fraction 8, representing fraction with medium polarity. The visible differences between spectra were observed at of δ 0.5-1.8 area (1) tions for those fractions close to the center of the plot. In the loading plot (Figure 2b ), it can be seen that chemical shifts at saturated alkanes area (e.g. δ 0.88, 0.92, 1.96) are discriminating factor for group 1 (very non-polar group), where as some chemical shifts at aromatic area (e.g. δ 6. 60, 7.60, 7.90, 8.20) are among discriminating factors for group 2 (polar group). PCA is the first-pass method to identify chemical differences between high-dimensional data measurements. If the PCA model has reliable performance, further analysis can be done using other multivariate method. The minimum acceptable value of Q 2 is 0.4 while in general R 2 X value close to 1 indicating a representative model (Eriksson et al. 2003) . In this study, the PCA model has R 2 X and Q 2 of 0.838 and 0.433, respectively. Next, a supervised multivariate data method, OPLS-DA, was used to fine tune discrimination between Indonesian P. amboinicus and Japanese P. amboinicus. We classified the samples based on their origins. The OPLS-DA score plot showed a clearer separation than the PCA, with R 2 X = 0.543 and Q 2 = 0.736 (Figure 3a) . Permutaton test with 100 permutations gave the value R2 = 0.28 and Q2 = -0.46, while the value for p CV-ANOVA was 5.95 × 10 -19 . All these validation value showed that the OPLS-DA model is reliable (Eriksson et al. 2003) . Identification of NMR signals responsible for the two groups separation was undergone using OPLS-DA loading bi-plot (Figure 3b ). There are two groups of NMR chemical shifts which attributed to the separation of Indonesian P. amboinicus and Japanese P. amboinicus. The first group is typical NMR chemical shifts for aromatic regions of flavonoids structure which are singlets, doublets, or double of doublets located between δ 6.00-δ 8.00 (see black arrows in Figure 3b ). Some of these aromatic signals are found to be abundant in Indonesian P. amboinicus group and some are in Japanese P. amboinicus group. Previous studies reported that sev-eral flavonoids were identified in P. amboinicus, such as crisimaritin, eriodyctiol, apigenin and luteolin (Brieskorn and Riedel 1977; El-Hawary et al. 2012; Arumugam et al. 2016 ). The second group was typical chemical shifts for pentacyclic triterpenes, for example signals of tertiary methyl group (appeared as singlet at δ 0.84, δ 0.88, δ 0.96, δ 1.12, and δ 1.16) and signals of an olefinic protons (around δ 5.00-δ 5.50). Indeed previous studies reported the presence of some flavonoids and triterpenes in this plant, such as oleanoic acid, ursolic acid, and maslinic acid (Brieskorn 1977; Brieskorn and Riedel 1977) .
We compared the NMR data with those of the literatures and decided to focus only to eriodyctiol, apigenin and luteolin content of the plants since these three flavonoids were among the compounds previously identified in P. amboinicus as discussed before. The presence of eriodyctiol was detected in Indonesian P. amboinicus only (Figure 4) . ABX splitting pattern in aromatic region which are characteristic of a 1,3,4-trisubstituted benzene ring appeared at δ 6.99 (dd, J6′,5′ = 8.5 Hz, J6′,2′ = 3.4 Hz) (no. 5 in the Figure 4 ) . The two other signals which were reported as doublets at δ 6.79 (J5′,6′ = 8.5 Hz) and δ 6.77 (J2′,6′ = 3.4 Hz) seemed to be a bit shifted and overlapped since we worked with a spectra of a crude or half-fractionated extracts . These two peaks could be attributed to the overlapping doublets appeared at δ 6.72 and δ 6.73 with the same coupling constant (no. 3 and 4 in Figure 4 ). Two meta-coupled doublets at δ 5.84 (d, J6,8 = 2.1 Hz), and 5.87 (d, J8,6 = 2.1 Hz) (no. 1 and 2 in Figure 4) were also identified as small overlapping signals (Hameed et al. 2018) . In OPLS-DA coefficient plots, all these signals had positive value in Indonesian P. amboinicus group but negative value in Japanese P. amboinicus (plot not shown). All these signals were identified in 1 H NMR spectra of Indonesian P. amboinicus fraction 6C (Figure 4 ) but absent in Japanese P. amboinicus fraction 6C (data not shown). Similar approach was used to identify luteolin and apigenin by comparing the spectra to previously reported data (da Silva et al. 2015) .
HPLC-MWD instrument performance tests
To quantitatively measure the content of the abovementioned flavonoids, a validated HPLC based analysis was developed. However, the different spectral properties of flavonoids due to their varying structures poses a problem in their detection when using the commonly used UV/Vis based detectors. Identification of flavonoids using standard UV/Vis detectors utilizes a single wavelength which in turn makes it difficult to simultaneously quantify target analytes with very contrasting spectral properties. Multiwavelength UV/Vis detectors (MWD) present an appealing alternative to standard UV/Vis detectors by eliminating the need to compromise on a single wavelength during the analysis.
The results of instrument linearity test was presented in Table 1 . The peaks had adequate separation and the LODi was 0.1 µg/mL for all the flavonoids while the LOQi was 0.5 µg/mL. Luteolin was the first analyte detected, with the shortest retention time of 3.893-3.947 min followed by eriodictyol at 4.108-4.152 min, and apigenin at 6.169-6.266 min. The measured RSD of less than 1% for all the flavonoids indicates acceptable precision. The peak areas of luteolin and apigenin were higher in 340 nm compared with 290 nm and the inverse applies to eriodictyol ( Figure 5 ). This is in accordance to the spectral properties of the flavonoids ). In short, results of the instrument performance tests indicate that the HPLC equipment and its column were suitable for the simultaneous detection and quantification of the analytes.
Method orientation using HPLC-MWD
Method orientation tests were performed to determine the best combination of acid concentration and length of hydrolysis in terms of yield and consistency of achieving said yield. The aim of hydrolysis is to convert flavonoid gly- 
FIGURE 6
Chromatograms of apigenin (1), eriodictyol (2), and luteolin standards (3) at a concentration of 5 µg/mL solvent measured using HPLC-MWD at 290 and 340 nm (a). Indonesian Plectranthus amboinicus leaves spiked with 5 µg/mL solvent of apigenin, eriodictyol and luteolin and measured at 290 340 nm (b). Unspiked Indonesian sample leaves measured at 290 and 340 nm (c), and unspiked Japanese sample leaves measured at 290 and 340 nm (d).
cosides into their aglycones. Hydrolysis of extracts using 4 M and 6 M of hydrochloric acid had resulted in greater apigenin and luteolin content compared to using only 2 M of the acid. This increase in yield due to greater acid concentrations corresponds to a previous study on Indonesian P. amboinicus (Andarwulan et al. 2014) . The stability of apigenin and luteolin standards at the different concentrations of hydrochloric acid (Figure 6a ) suggested that the increase in apigenin and luteolin concentrations could be attributed to the hydrolysis of their glycosides. That being said, increasing RSD values had suggested that consistency was problematic for the analysis of apigenin in the dried leaves. Indeed, the RSD of the apigenin concentration was 8.96% when using 2.0 M of HCl and had increased to 15.91% when using 6.0 M of HCl. Unlike apigenin and luteolin, the concentration of eriodictyol obtained from the dried leaves had decreased as the concentration of hydrochloric acid increased. However, the same was not observed in the eriodictyol standard therefore the destructive role of other compounds present in the extract, and their behavior during different levels of acidity must also be taken into consideration. Increasing the length of hydrolysis had decreased the concentration of apigenin and eriodictyol obtained from the dried leaves. Conversely, the concentration of luteolin increased as the time went on (Figure 6b ). In the end, the parameters of hydrolysis chosen was 2.0 M of HCl at 120 min due to the relatively high eriodictyol yields and consistent apigenin yields (Figure 6c ).
Method validation using HPLC-MWD
Method validation was performed by fortifying the concentrated unhydrolyzed dried leaf extracts with apigenin, luteolin, and eriodictyol at various concentrations. The spiked extracts were then subjected to hydrolysis using 2.0 M of hydrochloric acid at 85°C for 120 min. Linearity of the method was determined by creating a calibration curve using the aforementioned spiked extracts with a working range of 0.5-50.0 µg/mL for apigenin standards, 0.5-25.0 µg/mL for luteolin standards, and 1.0-50.0 µg/mL for eriodictyol standards. All of the standard curves met the criteria of acceptability for they were all above 0.9900. The retention times of apigenin were between 6.032-6.283 while those of luteolin were between 3.839-3.963 and those of eriodictyol were between 4.030-4.175 min ( Table 2 ). The responsiveness of the peak areas and to the amount spiked within the sample matrix demonstrates acceptability of the specificity of the method. All of the flavonoids were identified within 10 min due to the length of the column. The method limit of detection and quantitation was determined by spiking the Indonesian crude extracts with the target analytes at a final concentration that is 5.0 µg/mL or approximately 10 times the LOQi. The method limit of detection was found to be 41.2 µg/g for apigenin, 44.0 µg/g dspl for luteolin, and 18.9 µg/g for eriodictyol, while the method limit of quantitation for apigenin, luteolin, and eriodictyol was found to be 137.3, 146.5, and 62.9 µg/g respectively. The retention time and peak area precision were adequate for their respective RSD values were below 2% and 4%.
The accuracy of the method was determined through the recovery tests, in which the sample extracts were spiked at the same concentrations used for the method limit of detection and quantification tests. At this concentration, or approximately 500 µg/g, the recoveries of apigenin, luteolin, and eriodictyol were too low than the criterions of acceptability (Latimer 2012) (see Table 3 ).
Interestingly, increasing the spiking concentrations led to higher recoveries, with recoveries achieving values that are greater than 75.00% when the concentration of analytes spiked approximately 5000 µg/g (Figure 6d ). Similar results were found when the HCl concentration was increased to 4 M. Through the recovery tests, the correction factors for apigenin, luteolin, and eriodictyol were found to be 2.32, 2.20, and 6.81 respectively. In addition to the low material cost, the advantages of sonication lie with its relatively low temperature range and efficiency compared with other methods in the extraction of flavonoids from leaves (Wang and Weller 2006) . However, this method requires a separate hydrolysis steps which in turn was reported to lead to flavonoid decomposition (Koşar et al. 2005) . Indeed, the original version of the HPLC method had integrated the extraction and hydrolysis procedure using a reflux which resulted in recoveries close to 100% for apigenin and luteolin (Haghi and Hatami 2010) . Moreover, recovery tests were lacking in the previous study in which the ultrasonic method of extraction and hydrolysis was based on . That being said, the stability of the flavonoid standards at various hydrochloric acid concentrations also creates the possibility that other compounds within the sample matrix contributed to flavonoid degradation.
The intralab repeatability of the method of analysis was found to demonstrate acceptable precision within the same day of testing and within different weeks of testing (Table 2) . Overall the results of the method validation tests demonstrated that the method was precise but no accurate due to the low recovery values. Therefore, correction factors were employed to account for this inaccuracy, albeit optimization of the extraction and hydrolysis method is still required.
Application of validated HPLC-MWD method on dried Plectranthus amboinicus leaves
The versatility of the method was investigated by comparing the apigenin, luteolin, and eriodictyol content of dried Indonesian P. amboinicus and Japanese P. amboinicus leaves. In addition to genetical differences, environmental conditions were also reported to impact the production of flavonoids such as apigenin and luteolin. Increased UV-radiation coupled with water stress were reported to induce the accumulation of luteolin-7-O-glucosides and certain apigenin glycosides in plants (Tattini et al. 2004) . Indeed, the impact of these factors were observed in the analysis, in which the Japanese leaves had a greater luteolin content when compared to their Indonesian counterparts but the inverse was found for the concentration of apigenin, with concentrations of 1100.6 ± 5.1 and 532.4 ± 1.8 µg/g for luteolin and 584.5 ± 7.4 and 571.7 ± 11.6 µg/g for apigenin respectively ( Figure 6 and Table 3 ). The reported results had taken into consideration the effect of degradation thereby utilizing the correction factors obtained in the previous subsection. However, the small peak areas relative to others present in the chromatogram indicate that apigenin and luteolin were not major flavonoid constituents of the Indonesian leaves. The differences between the apigenin and luteolin content of the Indonesian leaves for this study and the previous study could be attributed to the different climatic and geographical conditions between Bogor and Tsukuba. As mentioned previously, these factors may significantly alter the efficacy of the plant's phytochemicals and functional properties (Wang et al. 2005) .
Interestingly, the presence of eriodictyol was only found in the Indonesian samples, which was supported by the NMR-metabolomics data. Following spiking of the Japanese extracts with apigenin, luteolin, and eriodictyol, the HPLC method was shown to be capable of separating and detecting said analytes in the Japanese sample matrix. This confirms the absence of eriodictyol in the unspiked Japanese samples. Studies on the identification of flavonoids of the plant had reported the presence of eriodictyol albeit the samples used for said studies were from Egypt and South America. Moreover, the aforementioned studies had not quantified nor directly compared the presence of said analyte between samples of different origins (Brieskorn and Riedel 1977; El-Hawary et al. 2012) . However, the relatively small peak of eriodictyol in the Indonesian chromatograms indicated that it was not a major flavonoid constituent of the leaves.
3.6. Crude total flavonoid, DPPH radical scavenging activity, and α-glucosidase assay of dried Plectranthus amboinicus leaves using spectrophotometer-UV/Vis
The differences in cultivation conditions of the samples, such as the environment along with genotype could result in a different accumulation of flavonoid glycosides and their aglycones (Mphahlele et al. 2014 ). Indeed, Japanese P. amboinicus had a greater total flavonoid content when compared with its Indonesian counterpart, with concentrations of 7934.0 ± 0.0 and 4146.1 ± 55.3 µg QE/g dried leaves, respectively (Table 4) . Similarly, the Japanese leaves also had higher total flavonoid content than the Indonesian leaves when the HCl concentration was raised to 4 and 6 M for hydrolysis. The larger peak areas along with greater number of unidentified peaks in the chromatograms of the Japanese leaves also support this finding. That being said, increasing the HCl concentration de-creased the total flavonoid content of both samples, suggesting decomposition. In order to investigate the possible differences in bioactivities of the Indonesian and Japanese leaves, the antioxidative and antidiabetic properties were explored through DPPH radical scavenging and α-glucosidase inhibitory assays.
Greater DPPH reduction and α-glucosidase inhibition activities were found in Indonesian samples than the Japanese samples, with IC 50 values of 14.4 ± 1.2 and 24.0 ± 0.3 µg/mL for the DPPH and 1181.9 ± 113.5 and 4451.4 ± 290.0 µg/mL for α-glucosidase inhibitory test respectively (Table 4 ). The lower flavonoid content along with the greater DPPH radical scavenging and α-glucosidase inhibitory activities of the Indonesian leaves suggests that these bioactivities might be more influenced by other secondary metabolites such as terpenes and phenolic acids. Indeed, the essential oil of Indian P. amboinicus had much greater potency to inhibit α-glucosidase, with IC 50 less than 30 µg/mL (Govindaraju and Arulselvi 2018) . However, the essential oil also had much lower DPPH radical scavenging activity compared with our study (Murthy et al. 2009 ). This suggests the greater influence of other secondary metabolites, such as phenolic acids, in scavenging DPPH radicals.
Conclusions
Environmental factors might contribute to the variation of secondary metabolites accumulation in plants and to an extent their potential benefits to health. NMR-based metabolomics conducted in this study showed that, in general, the phytochemical content of P. amboinicus with different geographical origins is quite varied. More targeted analysis revealed that Japanese P. amboinicus had higher total flavonoids content than its Indonesian counterpart. Of the three flavonoids analyzed using a validated HPLC-MWD method, the Japanese samples had the higher amount of lutein but lower amount of apigenin. Eriodyctiol was only found in Indonesian P. amboinicus. However, these samples showed greater DPPH radical scavenging and α-glucosidase inhibitory activity compared with the Japanese samples. Apparently, nonflavonoid compounds also play a role in the reported activities, which could be triterpenes. Further research should investigate this possibility.
